Abstract. Nest structure and nesting material may have important consequences for avian reproductive behaviour and performance. Nuthatches Sitta spp. build nests made of loose bark flakes without any structure or nest cup to contain eggs and nestlings. We have aimed at understanding the implications of unstructured bark flake nests in Nuthatches for microclimatic conditions in the nest, ectoparasite infestation, parental care and nestling begging through a nest exchange experiment. To that end, we have experimentally replaced natural bark nests of Nuthatches Sitta europaea by structured moss nests built at the same time by Great Tits Parus major for some pairs and compared their ectoparasite abundances, nest microclimate variables and the behaviour of nestlings and parents with those in natural Nuthatch nests. The experimental treatment did not affect ectoparasite loads. Nest-boxes containing structured nests made of moss showed higher and more variable temperatures, higher thermal maxima and less variable humidity conditions than unstructured control nests made of bark flakes. However, bark flakes conserve heat better than moss during the night and morning hours, which may be transmitted to buried eggs and nestlings and reduce incubation and brooding costs for females. This may explain why females remained out for longer during incubation recesses at natural nests. Nestlings of 9 days in natural nests rested further apart than nestlings in structured experimental nests although there were no differences with respect to begging intensity between the two treatments. Hatching and fledging success was similar in both groups but experimental nests resulted in nestlings with shorter tarsi and wings before fledging. The poorer nestling growth in experimental nests cannot be explained by effects of ectoparasites, nestling aggregation or nestling begging or parental care. Adaptations for remaining buried in the nest material and the heat-conserving properties of loose bark flakes may reduce energy costs for nestlings during female absences.
INTRODUCTION
The majority of bird species build their own characteristic nests (Collias & Collias 1984 , Hansell 2000 , Álvarez et al. 2013 . The physical structure of the nest is determined by the degree of cohesion between the different materials used and may influence embryo development and chick growth so that nest quality may have important consequences for the condition and the reproductive success of parents (Lombardo et al. 1995 , Álvarez & Barba 2011 , Dawson et al. 2011 , Lambrechts et al. 2012 . In a thermal aspect, nest construction represents a compromise between heat conservation, heat dissipation, and protection from external heat sources (Heenan & Seymour 2011) . It is reasonable that heat loss can be minimized by optimizing the physical structure of the nest (Reid et al. 2000 , Hilton et al. 2004 , Heenan & Seymour 2011 or by choosing a suitable nesting material (Álvarez et al. 2013) . Consequently, we expect that birds should adjust their nest characteristics in response to environmental conditions (Hansell 2000 , Deeming 2011 ). Moreover, the regulation of thermal conditions within acceptable limits may be energetically costly for parents (Williams 1996 , Nord & Nilsson 2012 . The structure of nests may mitigate this energetic demand on parents (Hansell 2000) . Thus, building a thermally favourable nest saves parental energy by reducing heat loss from attended and non-attended clutches (Moreno et al. 2010 , Heenan & Seymour 2011 .
Cavity nests constitute micro-environments very likely to be colonized by ectoparasites that drain resources from avian hosts (Collias & Collias 1984) . Given the negative impact of ectoparasites on host fitness (Richner et al. 1993 , Heeb et al. 1998 , cavity-nesting passerines may have evolved behavioural, physiological and immunological adaptations to counter these effects (Møller & Erritzoe 1996 , Hart 1997 , Heeb et al. 1998 . One possible adaptation concerns the use of insecticidal materials as nest components. Thus, some avian species incorporate fresh plant material in order to control nest-dwelling ectoparasites, because their volatile anti-parasitic compounds can delay the development of mites (Clark & Mason 1988 , Malan et al. 2002 , Tomás et al. 2012 . Avian hosts may also react to infestations through behavioural modifications (Keymer & Read 1991 , Loye & Zuk 1991 , Hart 1992 , Simon et al. 2005 , Cantarero et al. 2013a ) like allocating more time to nest sanitation and grooming in order to control the load of harmful ectoparasites in the nest materials and on the nestlings (Cantarero et al. 2013a ).
The Nuthatch is a small cavity-nesting woodland bird that prefers to build nests in natural cavities in trees but can also use nest-boxes for breeding. Nuthatches Sitta spp. use nests made of loose heaps of bark flakes without any structure or nest cup to contain eggs and nestlings (Matthysen 1998) . These nesting habits may have evolved in relation to the use of large cavities (Wesołowski & Rowiński 2004) . Eggs and nestlings are found buried in these heaps. Several consequences may be derived from the use of loose bark nests. Unstructured nests like these may offer fewer opportunities for hiding to ectoparasites, and nest composition may affect ectoparasite development through the effects of microclimatic conditions associated with different nest materials (Heeb et al. 2000) . The Eurasian Nuthatch Sitta europaea may prefer pine bark as nest material because it contains toxic secondary compounds that may have insecticidal properties, in particular the monoterpene limonene (Carroll 1994) . Limonene (and other plant compounds such as hydrocyanic acid) repel northern fowl mites Ornithonyssus sylviarum, an ectoparasitic mite (Carroll 1994) . Bauchau (1998) proposed that Pied Flycatchers Ficedula hypoleuca use limonene-rich material from pine trees in order to reduce the abundance of parasites in nests. Matthysen (1998) found that Nuthatch nests in Sweden contained fewer fleas than Great Tit Parus major nests in similar nestboxes and habitats, and that more fleas were found in nests built of leaves instead of pine bark. Cantarero et al. (2013b) found that the Eurasian Nuthatch nests in central Spain contained fewer fleas and blowflies than Blue Tit Cyanistes caeruleus nests. However, some experimental studies have failed to find a clear link between nest type and ectoparasite loads in cavity-nesters (Bauchau 1998 , Remeš & Krist 2005 , Moreno et al. 2009 ).
Nesting cavities are not always waterproof (Wesołowski et al. 2002) . The insulation quality of nests is dependent on several factors, such as nest structure (McGowan et al. 2004) , thickness, height and volume (Grubbauer & Hoi 1996 , Alabrudzińska et al. 2003 , nest material quality (Mertens 1977) and moisture content (Pinowski et al. 2006 , Deeming 2011 . Large amounts of nest material, although of benefit to reduce incubation costs (Moreno et al. 2010) , may collect and retain humidity above optimal levels. The risk of the nest getting wet could be reduced by incorporating more hydrophobic material such as bark flakes (Wesołowski & Rowiński 2004) . Furthermore, bark flakes could help to stabilize thermal fluctuations in the nesting cavity by conserving heat during the cooler hours of the day. Dense accumulations of bark flakes may produce heat due to microbiological activity as observed in composting (Davis 1992 , Ryckeboer et al. 2003 . Other birds like megapodes also use the heat of accumulated vegetal material to keep their eggs warm. Heat production may be especially noteworthy during the night when nest materials cool down after heating up during the day. Eggs and nestlings remain buried within the nest material (Wesołowski & Rowiński 2004 ) when females leave the nest instead of being exposed to air in the nest cavity as is typical for other cavity nesters. This may favour the maintenance of a suitable egg temperature by the warm nest material (Davis et al. 1984 , Wesołowski & Rowiński 2004 . Nestlings buried into loose material that remains warm during the night and early part of the day could thereby reduce incubation and brooding costs for females.
Incubation behaviour may be affected by nest microclimate and structure (Álvarez & Barba 2009) . When the Nuthatch female returns to the nest, she lowers herself on the clutch and turns about in half-circles until the eggs are free from nest material (Matthysen 1998) . This may reduce hatching success in unstructured nests by losing contact with some eggs within the nest material. The same may occur when nestlings are small. Moreover, the dispersion of the nestlings within the nest resulting from the lack of a structured nest cup may reduce contact among nestlings and thereby heat exchange, an important factor during periods of parental inattention (Webb 1993) . Heat loss can be reduced by decreasing the area exposed through postural changes of nestlings or huddling (Webb 1993) . Nuthatch nestlings may show no tendency for huddling due to the difficulty in keeping together during female absences in unstructured nests made of loose bark flakes. Moreover, nestlings may experience lower thermoregulatory costs while buried in the warm nest material (see above).
The aim of this study is to explore several possible implications of breeding in unstructured bark nests for Nuthatches by conducting an experiment where natural nests were replaced by structured nests made of materials different from bark. To that end we have used the structured moss nests of Great Tits, which coexist naturally, and breed simultaneously with Nuthatches in our study area. The use of nests built in the same type of nest-boxes by both species control for cavity dimensions and thermal properties. Following the hypotheses presented above, we have predicted that the experimental nest replacements would affect ectoparasite abundance and nest microclimate and possibly the behaviour of nestlings and parents depending on the magnitude and sign of effects on ectoparasites and cavity microclimate. This in turn could affect nestling growth and reproductive success.
MATERIALS AND METHODS

Study area and species
Our study was conducted during the springs of 2012 and 2013 in a montane forest of Pyrenean oak, Quercus pyrenaica, at 1200 m.a.s.l. in Valsaín, central Spain (40˚54'N, 4˚01'W) where hole-nesting passerine breeding activities in nest-boxes have been studied since 1991. Every year, nestboxes (see Appendix in Lambrechts et al. 2010 for further details on dimensions and placement) are cleaned after the breeding season and again shortly before the next breeding season. Natural and experimental nests were constructed at the same time in similarly clean nest-boxes.
Nuthatches in the study area narrow the entrance to cavities by plastering mud around it (Enoksson 1993 , Wesołowski & Rowiński 2004 and their nests are mainly composed of loose pine Pinus sylvestris bark flakes or loose Cistus laurifolius bark strips. As in other Nuthatch populations, nests are totally unstructured and do not present a nest cup. Breeding activities are followed routinely every year and laying and hatching dates and brood sizes at hatching and fledging are determined.
On day 13 (hatching day = day 1), we ringed nestlings and measured their tarsal length with a digital calliper to the nearest 0.01 mm and their wing length with a stopped ruler to the nearest mm. Nestlings were weighed with a Pesola spring balance to the nearest 0.25 g.
Experimental nest replacement
The experiment was carried out with 37 nests (20 nests in 2012 and 17 nests in 2013). Of the 37 Nuthatch nests, 19 were built with pine bark flakes and 18 with Cistus bark. In 2012, after the first egg, we assigned the nests randomly to two groups to minimize any possible confounding effects such as variation in microclimate or breeding parameters among nest-boxes. In 2013, most pairs of Nuthatches occupied the same or a neighbouring nest-box to those used in 2012. We have therefore assumed that due to Nuthatch intense year-round territoriality (Matthysen 1990 (Matthysen , 1998 , pairs in 2013 were at least partly the same as in 2012, so we assigned the opposite treatment to each territory in 2013 as in 2012. This avoids the problem of confounding treatment with pair or territory identity.
The first group of nests was left unmanipulated (control group, N = 23). In the experimental group (N = 14), we replaced the natural nest with a fresh and recently built Great Tit nest collected at the same time. Given the possibility that selection of nest materials is affected by the availability and state of nesting materials which may depend on plant phenology and climatic conditions, we chose to exchange Nuthatch nests with nests built by the only cavity nester that constructs nests at the same time as Nuthatches in our study area, namely the Great Tit. We considered a completed Great Tit nest when it presented a defined bowl lined with feathers and/or hair. No eggs had been laid in these nests, so there was no reproductive activity in these nests when collected. Nest replacement was conducted nine days after Nuthatch clutch completion. We did not manipulate ectoparasite loads before nest exchange as both types of nests had been constructed at the same time and therefore under common environmental conditions, and had experienced the same amount of time for being colonized by ectoparasitic arthropods either passively or actively. The only difference between both sets of nests consisted in the brief period of transport between nestboxes for the experimental Great Tit nests.
The experimental manipulation was made once the Nuthatch clutch was completed and incubation was advanced in order to avoid possible repercussions on desertion probability. Separating the effects of structure and materials is impossible with real nests given the materials used by cavity nesters in the study area (bark flakes are impossible to structure and alternative materials rapidly attain structure through the birds' own activity).
Ectoparasites
Nuthatch nests in our study area were infested by mites Dermanyssus gallinoides, blowfly Protocalliphora azurea larvae and adult hen fleas Ceratophyllus gallinae (Cantarero et al. 2013b) . Some authors have shown that fleas have several effects on Great Tit (Richner et al. 1993 , Christe et al. 1996 , Allander 1998 and Blue Tit reproduction (Tripet & Richner 1997 , Tripet et al. 2002 , but no experimental studies have been conducted on Nuthatches. Larvae of fleas are not haematophagous, but adult fleas need blood to produce eggs (Tripet & Richner 1997) . Therefore, the number of flea larvae in nests indicates the fecundity of adult fleas (Eeva et al. 1994) . Fleas may be present in nest materials already during incubation (Harper et al. 1992) . Blowfly larvae start to develop after nestlings hatch and feed intermittently of nestling blood (Bennett & Whitworth 1991 , Remeš & Krist 2005 . In mites, adult and nymphal stages are haematophagous. Populations build up from very few to some thousands of individuals per nest-box during the breeding period as generation time is short. Mites may be present in nest materials even before nestlings hatch and may feed on incubating females (Pacejka et al. 1996) .
Ectoparasite abundance estimation
Soon after nestlings fledged (days 20-26 for Nuthatches), all nests were removed in sealed plastic bags and taken to the laboratory, where they were subjected to arthropod removal in Berlese funnels for 48 h until nests were thoroughly dried and no arthropods were moving in the nest material (for arthropods collection and abundance estimations see Moreno et al. 2009 ). Blowfly puparia were directly counted in the nest material after the removal of living arthropods.
Nest microclimate
One week after clutch completion, we placed on the nest-box floor and under the nest material a climate data logger (Hygrochron iButtons, iButtonLink LLC, Wisconsin, USA) inside 21 nestboxes with natural nests (9 in 2012 and 12 in 2013) and 10 nest-boxes with experimental nests (all in 2013). Data loggers were programmed to take measurements of temperature and relative humidity every 4 min for 11 days from day 8 of incubation until three days after chicks hatched. We divided each continuous set of temperature (°C) and relative humidity (%) data into segments of 24 h beginning at noon and calculated the mean, maximum and minimum temperature and relative humidity for each segment as well as the range of temperatures. To evaluate thermal changes in the nest-box throughout a random day, we selected a set of 4 nests from each treatment for which we had measurements for the same date with nestlings. For each of these nests we calculated the mean temperature from 9:00 to 21:00 h, thereby excluding the night when females stay in the nest brooding.
To measure microclimate within the nest material (not the cavity as above) in natural and Great Tit nests, we used 3 nests of each type that had been abandoned before any breeding activity had commenced and introduced the data loggers into the middle of the nest material. Temperature and humidity were registered once every 5 min during one complete day while nest-boxes were kept close together outdoors either near the lab (site 1, 19:00-19:00) or in the study area (site 2, 23:00-19:00). We prevented the entrance of any bird to the nest box during this period. Data were collected in different days and were averaged for periods of 4 hours and nest was used sampling unit.
Video recordings
During incubation, all nests were filmed 7 and 9 days after clutch completion (days 7 and 9 of incubation). To reduce the number of disturbances to a minimum, we filmed on the day of the nest exchange. Having waited a few days for filming would have required a new disturbance while placing the camera. However, we did not detect any evidence that birds presented unnatural behaviour while being filmed immediately after the nest exchange. We filmed inside nest-boxes for periods of 90 min (mean ± SE: 88.63 ± 15.60 min, n = 74) with a video camera (Square SONY 1/3* Super HAD CCD) connected to a 3G H.264 CCTV of time spent by the female inside the nestbox. "Nest sanitation" and "grooming" were calculated in the same way as during the incubation stage.
From films made on day 9 we obtained total hourly provisioning rates by males and females as we could not always identify the sex of the provisioning adult. We also recorded the begging time of a random nestling, the posture during begging of all nestlings and we estimated the distance between nestlings. Nestling postures were assigned following a scale of increasing intensity (Leonard et al. 2003 , Cantarero et al. 2013a ): 0 = head down, no gaping; 1 = head down, gaping, sitting on tarsi; 2 = head up, gaping, sitting on tarsi; 3 = same as 2, plus neck stretched upward; and 4 = same as 3, but body lifted off tarsi. The distance between nestlings were estimated following a scale of spatial distribution: 0 = huddling nestlings; 1 = nestlings in contact; 2 = slightly scattered nestlings; and 3 = widely scattered nestlings. On each visit of an adult to the nest with food, we recorded the begging time of a random nestling, the maximum postural begging intensity of each nestling and the distance between nestlings. We then estimated the average value of these variables at each visit for the whole brood.
Data analyses
Natural nests built of pine and of Cistus bark were not different in any variable such as laying date, clutch size or microclimate (all p > 0.11) and have been pooled in the natural nest treatment. Breeding variables and mite abundance were normally distributed or successfully normalized through logarithmic transformation (KolmogorovSmirnov, p > 0.20) and were therefore analyzed with GLM models (STATISTICA package) assuming a normal error with treatment as explanatory factor. Blowfly and adult flea abundances could not be normalized and were analyzed with nonparametric tests (Mann-Whitney U test). Clutch size and brood size were analyzed with GLM models assuming a Poisson distribution with treatment as explanatory factor. Hatching success was normally distributed. Fledging success in nests where at least one nestling fledged was analyzed with GLM.
Microclimatic data were analyzed with GLM models assuming a normal error with treatment as explanatory factor and year as continuous predictors for the incubation stage and year and brood size as continuous predictors for the DVR 1 Tb digital recorder installed on the roof inside the nest-box. Both digital recorders and cam corders were powered by batteries (7.2 Ah 12 V).
Nest-boxes were again filmed 3 days after the day of hatching of the young for periods of 90.23 ± 10.98 min (mean ± SE, n = 33) and 9 days after hatching of the young for periods of 94.88 ± 10.65 min (mean ± SE, n = 31). Nestlings of 9 days are still brooded by females. In one nest no chicks hatched and in three nests all chicks died before day 3, but we have included records taken during incubation. In two nests all chicks died after day 3 but we have included previous records for these nests. Nest desertions were associated with periods of cold and rainy weather in all cases. All films were randomly recorded between 08:00 and 17:00 h, and no differences between experimental groups with respect to time of filming were found (incubation period: U = 148.0, p = 0.684; nestling period day 3: U = 71.0, p = 0.085; nestling period day 9: U = 62.0, p = 0.070). Time of day was used as continuous predictor in all the models and it did not affect the behavioural variables measured (all p > 0.40). No obvious evidence of stress or unnatural behaviour was observed after the first visit. Males could be distinguished on films due to the colour of their flanks (Matthysen 1990 ) as they usually climbed on the inside walls of the nest-box while provisioning nestlings.
Behavioural data analysis
Recordings were displayed in the free VLC Media Player software. From films taken during incubation we estimated the proportion of time spent by the female inside the nest-box or "egg attendance" which includes the time allocated to incubating and turning the eggs, and the mean duration of incubation sessions and recesses. Furthermore, we monitored the time devoted to "grooming" and "nest sanitation". "Grooming" is the combined time which the female spends preening or scratching herself (Cotgreave & Clayton 1994) while "nest sanitation" includes periods of active search with the head buried, sometimes deeply, into the nest material (Cotgreave & Clayton 1994) . We obtained the mean duration of these behaviours and the proportion spent in them over time that the female spent inside the box.
From films made on day 3 we obtained hourly provisioning rates by males and females and the amount of time spent by females on "nestling attendance", "grooming" and "nest sanitation". "Nestling attendance" includes the proportion nestling phase. We selected the 5 days before hatching and the 3 days after hatching to compare treatments as we had microclimatic data for these days for all nests. The two breeding stages have been analyzed separately. The homogeneity of variances for microclimatic data was analyzed with Bartlett's test.
All parametric behavioural variables for the incubation stage were analyzed with repeated measures ANOVA with treatment as explanatory factor and time as repeated-measures factor (before or after nest replacement). All parametric behavioural variables for the nestling phase were analyzed with treatment as explanatory factor, hatching date, time of filming and year as continuous predictors. Grooming variables could not be normalized and were analyzed with non-parametric tests (Mann-Whitney U test).
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The effects of treatment on brood-averaged nestling morphometric measurements and mass near fledging (tarsus length, wing length and body mass at day 13) were analyzed with GLM models with treatment as explanatory factor and year, hatching date and brood size as continuous predictors.
RESULTS
Breeding biology
The two treatment groups of nests did not differ with respect to laying date, hatching date, clutch size or brood size (Table 1) . In order to assess the effect of our manipulation, we compared the ectoparasite abundances of the two treatment groups of nests. We found no difference in ectoparasite abundances between treatments (Table 1) . 
Microclimate
During incubation, nest-boxes with experimental nests had similar temperatures and thermal ranges for the period comprising the 5 days before hatching and the 3 days after hatching (all p > 0.20). During the nestling phase, cavities with experimental nests experienced higher thermal maximum, averages and ranges than natural nests (Fig. 1A , maximum temperature -F 1,30 = 2.52, F 1,30 = 0.029; mean temperature -F 1,30 = 2.31, p = 0.041; minimum temperature -F 1,30 = 1.54, p = 0.152; range -F 1,30 = 2.307, p = 0.02). During both periods, there were no differences between treatments in variances in temperature ( Fig. 1A ; all p > 0.07). The nests of both treatments showed similar values of mean, maximum, minimum and range in relative humidity (RH) during the incubation (all p > 0.10) and nestling stages (Fig. 1B , all p > 0.10). However, during the incubation period, experimental nests showed lower variances in humidity than natural nests ( Fig. 1B; relative humidity: χ 2 = 9.839, p = 0.002; minimum relative humidity: χ 2 = 13.356, p < 0.001). During the nestling period there were no differences in variances in humidity between treatments (all p > 0.10). Nest microclimate was not related to year for the incubation stage nor to year or brood size for the nestling phase (all p > 0.20). Table 2 . Differences (means ± SE) in temperature and relative humidity inside nest material in abandoned nests (without presence of incubating females) between 3 nests of each type of treatment in nest-boxes near the lab (site 1) and in the study area (site 2) and results of t-tests (the data from each site were collected in different days).
Natural nest
Experimental nest Statistic p When considering the daily thermal fluctuations, cavities with experimental nests showed higher mean temperatures than natural nests throughout the daylight hours of a random day (22.9 ± 1.33 °C versus 20.23 ± 1.07 °C; F 1,7 = 3.11, p = 0.021; Fig. 2) .
Data-loggers inside the material of abandoned nests before any breeding activity registered higher temperatures for natural nests during the night and morning hours at both sites and lower humidity during the morning hours at site 1 (Table 2, Fig. 3) . The difference in temperature was of several degrees at site 1 (Table 2, Fig. 3 ).
Parental behaviour and nestling begging
Treatment did not significantly affect incubation attendance or incubation session duration (Table 3) . However, the duration of incubation recesses decreased between sequential observations and were significantly shorter in experimental than in natural nests (Table 3) . Female grooming behaviour was more intense in the second incubation observation (Table 3) , while nest sanitation behaviour was slightly but not significantly more intense in experimental nests (Table 3 , p = 0.070). We have found no evidence in filmed material that females actively bury their eggs in the nest material when leaving the nest cavity. The eggs remain buried in the material due to its loose structure.
On day 3, nestling attendance (% of time spent by the female inside the nest-box) did not differ between treatments (Table 4 ). The frequency and mean duration of female grooming and nest sanitation behaviour was not affected by the experiment (Table 4) . Provisioning rates of males and Fig. 3 . Changes of the temperature inside the nest material between experimental nests (grey line) and natural nests (black line) in nest-boxes: Site 1 -near the lab, Site 2 -in the study area. Table 4 . Differences (means ± SE, n in parenthesis) in behavioural variables between the two treatments (natural Nuthatches nests or exchanged Great Tits experimental nests) and results of GLM analyses and Mann-Whitney U-tests. * -p < 0.05, **-p < 0.01. females were similar in both treatments (Table 4) . On day 9, provisioning rates, begging intensity posture and mean begging time of nestlings were not related to treatment (Table 4) when controlling for year and hatching date. The distance score between nestlings was significantly smaller in experimental nests (Table 4) . Nestlings in experimental nests were significantly smaller with respect to wing length and tarsus length (Table 5) , while there were no differences between treatments in body mass (Table 5) . Body mass was negatively related to brood size (Table 5 , adjusted R 2 =0.66).
Nest
Reproductive success
DISCUSSION
We have found some implications of breeding in unstructured nests for Nuthatches. The replacement of unstructured bark nests by structured moss nests did not result in changes in the abundance of blowflies larvae, mites or adult fleas. Nest-boxes containing experimental nests tended to show higher mean and minimum temperatures and larger thermal ranges, as well as lower variances in nest humidity. On the other hand, temperatures inside the nest material were higher in natural nests. Incubation recesses were shorter in experimental nests. Nest replacement did not affect incubation or nestling attendance and there were no effects on parental provisioning rates to the chicks at any stage. Natural nests resulted in structurally larger nestlings shortly before fledging.
Until now, the amount of information about ectoparasite faunas living in Nuthatch nests has been rather limited. Matthysen (1998) found that Nuthatch nests contained fewer fleas than Great Tit nests in similar nest-boxes and same habitat in Sweden. Cantarero et al. (2013b) in a descriptive study found that Nuthatch nests contained fewer blowflies and fleas than sympatric Blue Tit nests and similar abundances than sympatric Pied Flycatcher nests in similar nest-boxes in Spain. Ectoparasites may be affected by volatile compounds generated by the nest material or through the microclimatic conditions derived from nest properties. The evidence that pine bark in nests may have insecticidal properties is reviewed in Bauchau (1998) and Matthysen (1998) . The bark of these trees contain many compounds with insecticidal properties like limonene that may act as protection against pathogens and herbivores (Pearce 1996) . Some studies have found toxic and repellent effect of these natural extracts on northern fowl mites (Carroll 1994 ) and cat fleas Ctenocephalides felis (Hink & Fee 1986) . Our results do not confirm predicted trends as we found that Nuthatch nests that were built of bark had no fewer mites or fleas than experimental moss nests. This suggests that the preferences for nest materials in Nuthatches may be unrelated to ectoparasitism. It also explains why there were no differences in grooming or nest sanitation behaviour between treatments as these behaviours have been shown to be related to ectoparasite infestations (Cantarero et al. 2013a, b) . Moreno et al. (2009) showed that ectoparasite prevalences in Pied Flycatcher nests were independent of nest type (constructed by themselves or Blue Tits) and suggested that interspecific differences in ectoparasite prevalences on hosts are probably related to factors other than nesting material. Remeš & Krist (2005) arrived at similar results for parasitic Protocalliphora blowflies in an experimental study with nests of Collared Flycatchers Ficedula albicollis and Great Tits.
Birds build nests to provide appropriate protection and microclimate for the development of eggs and chicks (Collias & Collias 1984) . Environmental conditions and trade-offs experienced during one stage of development can have important carry-over effects on later life-history stages . Nesting material and nest structure may affect cavity microclimate (Mertens 1977 , Pinowski et al. 2006 , Hoi et al. 2010 . Nests with a defined nest bowl like tit nests may achieve a higher insulation than unstructured nests like those of Nuthatches (Heenan & Seymour 2011 , Heenan 2013 . Wesołowski et al. (2002) found that the proportion of natural tree nesting holes with wet interior walls was much higher for Nuthatches than for other species. Here we show that nesting material and nest structure affect the variance in humidity in the nest-box although not mean humidity conditions. Moreover, the mean and minimum temperatures were higher in nest-boxes containing experimental moss nests. Reduced fluctuations in humidity and higher mean and minimum temperatures in experimental nest-boxes could reduce incubation and brooding costs to females by reducing heat loss of eggs and chicks to the surrounding air. Microclimatic conditions could thus affect hatching and fledging success. However, we found no difference in these parameters between treatments. Previous arguments are based on eggs and nestlings residing in a nest-cup and thereby being in contact with air within the nest cavity, which is not the case for Nuthatch nestlings in natural nests. Eggs and nestlings in natural Nuthatch nests get buried passively due to the looseness of bark flakes, although we have not observed that females actively bury their eggs in the nest material as suggested by Wesołowski & Rowiński (2004) .
On the other hand, in our pilot study natural nests retained higher temperatures within the material during the night and morning hours than moss nests. This suggests that bark flakes may contain metabolically active microbes as shown for composting bark flakes (Davis 1992 , Ryckeboer et al. 2003 , which may contribute to the higher temperatures found within natural nests. Moreover, the lower humidities detected within the nest material at one of the sites may also contribute to reduce heat loss by nestlings. As Nuthatch eggs and nestlings reside within the warmer material itself and are not exposed to cooler surrounding air, they may in fact receive thermal inputs from the nest material itself over and above the thermal savings through not being exposed to air directly. Thus, Nuthatch females would gain a thermal advantage if eggs and nestlings were covered with nesting material during recesses (Hilton et al. 2004 ). This may explain why incubation recesses were longer at natural nests as slower heat loss rates may allow females to stay away from the nest foraging for longer. This advantage is especially strong as it operates during the morning hours when female energetic needs are higher. The differences detected were moderate to small depending on the site of measurement but covered a large part of the day which includes the coolest hours. Although the results of our pilot study are only suggestive, more detailed studies of the thermal properties of the nest materials used by Nuthatches and of the thermal loss of buried eggs and nestlings are necessary before a conclusion can be reached about the thermal advantages of loose bark flake nests.
Structured nest bowls in experimental nests kept nestlings closer together than at natural nests. The efficacy of huddling in reducing heat loss by nestlings has been shown through reduction in the oxygen consumption of members in a group versus an isolated individual (Glaser & Lustick 1975) . However, nestlings in natural nests could have huddled together especially when increasingly mobile at 9 days of age but seemingly preferred to remain apart. The energy savings due to huddling may be compensated by those induced by the heating up of the nest material within which nestlings get buried. Thus, Nuthatch nestlings may show no innate propensity for huddling in the nest.
We found significant effects of nesting material on nestling growth. Tarsi and wing length of nestlings were smaller in experimental nests although we did not find an effect on body mass. These effects could not be explained by either ectoparasite loads, begging intensity or parental provisioning which were not affected by the experiment. The thermal properties of bark flakes and the warming they afford to buried nestlings during female absences may improve their growth.
To conclude, we have experimentally shown clear effects of nesting material type and nest structure on microclimate and breeding behaviour in a cavity-nesting species building nests of loose aggregations of bark flakes. The impaired nestling growth in structured experimental nests could be related to the higher thermal loss for nestlings in open-cup nests compared to being buried into loose and heat-producing bark flakes. Nuthatches appear well adapted to breeding in unstructured bark nests but the physiological basis of their loss of huddling behaviour and the thermal savings afforded by remaining buried into the nest material remain to be further clarified.
